Abstract. Originated from North American teacher skills training program, BOPPPS model has now become a famous teaching model around the world. BOPPPS emphasizes a student-centered, problem-oriented, and knowledge-focused teaching process, during which a natural transition from known to unknown is completed through interactive teaching. In order to improve the teaching efficiency of mathematical modelling in local universities, this paper introduces a teaching plan of an optimal sailing strategy problem as an example to illustrate how to teach mathematical modelling, thought which the teaching process of all aspects of the BOPPPS are introduced.
Introduction
Mathematical modelling ability is undoubtedly important for the comprehensive development of college students' scientific literacy, and the quality of mathematics classroom teaching will have the most direct impact on the development of this ability. The education of mathematical modelling ability for students in local undergraduate colleges is facing trouble due to the following reasons. For one thing, in general students in local university have a weak base in math; for another, these students are not confident enough in leaning mathematics, especially when the content to be taught is unfamiliar to them. A third contributing factor is the difficulty to concentrate and focus for a long time. However, it does not mean that these students have no way to learn mathematics. In fact, many students have shown their strong learning powers and thirst for knowledge in many extracurricular activities, where they are able to finish their job with multiple cognitive approaches, such as timely feedback, evaluation and cooperation between team members. Is it possible to migrate the positive factors into the mathematics classroom? BOPPPS teaching method [1] , which is popular in North America, is a suitable tool to solve this problem. It is a student-centered teaching method with interactive teaching, learning and evaluation process, which helps to seize the attention of students, and overcome some of the teaching difficulties. A teacher can adjust the difficulty of teaching material by how the students respond to his/her questions. And this is completely consistent with what Mathematics Curriculum Standard [2] advocates: "the main purpose of evaluation is to comprehensively understand students' mathematics learning process, motivate students' learning and improve teachers' teaching". As a result, BOPPPS teaching method has been widely applied in mathematics courses of colleges and universities [3] [4] [5] . In order to effectively promote the classroom teaching quality, this paper takes an optimization problem as an example to illustrate how to apply this excellent teaching model to the teaching of mathematical modelling for local university students.
Overview of BOPPPS Teaching Method
BOPPPS teaching method is widely adopted in North American teacher skills training program [1] . It advocates to divide the teaching process into six processes (as shown in Fig. 1 ) according to the duration of students' attention, so as to facilitate teachers to timely find the blind spots in classroom teaching. The six teaching processes are as follows: Bridge-in, Objective/Outcome, Pre-assessment, Participatory Learning, Post-assessment and Summary. Each teaching process has clear goals and instructions, which makes the teaching process more structured. Consequently, it will become more convenient for teachers to ensure the success of classroom teaching. In this paper, we will apply this method to the teaching of an optimization problem in mathematical modelling class. We hope this teaching plan can serve as an example to show you how to integrate BOPPPS method in the course of Mathematical Modelling, as well as other applied mathematics courses.
The Optimal Sailing Strategy Problem
The optimal sailing strategy problem appears at a mathematical modelling textbook edited by Jiang Qiyuan and published by Higher Education Press of China [6] . It belongs to the category of optimization model, which is one of the most important parts of mathematical Modelling. Before this class, students have mastered the orthogonal decomposition method of force and the method of finding the extreme value of function. The teaching objective of this class is to help students deepen the understanding and application of optimization models and experience the whole process of mathematical Modelling. In addition, this class also aims to improve students' computer ability in solving this kind of problems. Therefore, the optimal sailing problem is one of the key contents in the optimization module.
This problem is as follows: As shown in Fig. 2 , a sailing boat is going to cross a river on a windy day. Unfortunately, the direction of wind is opposite to that of the sailing boat. We are asked to adjust the steering angle (sail orientation) and the direction of the sail with respect to the boat, so that the sailing boat can reach the opposite bank of the river as fast as possible [7] . In order to improve the teaching effect, we should actively integrate mathematical thoughts and scientific research methods into classroom teaching, and adopt a student-centered, problem-driven teaching method, which emphasizes the natural transition from the known to the unknown [3] . In order to apply BOPPPS method in our teaching, we carefully designed a number of teaching situations, and break the whole problem down into a series of smaller ones throughout the whole teaching situation. We also designed some computer animation by Geometry's Sketchpad, via which a teacher can interact with students and active the classroom atmosphere.
A Teaching Plan based on BOPPPS Model: Taking "Optimal Sailing Strategy" as an Example
Bridge-in
The teacher showed a photo of sailing boat (as shown in Fig. 3) , and asked the students: Is it possible to sail a sailing boat to the east bank with the help of the east wind? Photos from real world are easy to arouse students' interest, and helpful for students to develop their problem consciousness. Then, the teacher encouraged students to express their opinions. 
Objective, Outcome
After a few minutes of discussion, the teacher commented on the students' solutions, and suggested a mathematical model for this problem. Then the teacher declared the goals of this class Knowledge goal: (1) learn to establish an optimization model for real life problems, (2) learn to use computer program to do experiments. (3) learn to solve an optimization problem analytically.
Emotions and attitudes and values goals: (1) good at using mathematical models to solve practical problems, (2) good at using mathematics, computer and network technology to solve a problem comprehensively, (3) experience the whole process of mathematical Modelling; (4) cultivate the spirit of cooperation.
Pre-assessment
In this step, the teacher reviewed the necessary mathematical tools that is relevant to this problem. Because these simple mathematical skills are the basis of this class, without which the students are not able to be closely involved with this activity. In the classroom teaching, we designed the following questions:
Teacher: For a function ( ) = − 2 + 60 − 50, can you find out its extreme value? Teacher: how to find the minimal value of ( , ) = 2 + 2 . According to the students' answers, the teachers can timely speed up or slow down his/her teaching, or even guide students to think and answer questions to keep students focused. By these questions, the teacher is able to know the degree of students' ability.
Participatory Learning
In this step, the teacher should divide his/her whole problem into several interconnected but independent small problems. For example, to solve this problem, the teacher guided the students to analyze the effects of driving force and resistance of forces that act on the boat respectively (as shown in Fig. 4) , deduced the eastward speed 1 as a two variable function that takes and as variables: 1 ( , ) = cos = 2 ( 1 − 1 )cos = 2 ( 1 1 sin  sin( − ) − 1 2 cos )cos Where, 1 , 2 are the area of the sail and boat respectively, is the wind speed, 1 and 1 are the force that acts on the sail, and the wind resistance that acts on the boat respectively. The proportional coefficient between 1 and the windward area is 1 , and the proportional coefficient between the speed and the combined force is denoted as 2 . Deduced the optimal solution to 1 ( , ) analytically. In the classroom teaching, we can design the following questions to guide students to get the optimal solution: (1) Observing the Fig. 6 , can you conclude roughly where the optimal solution is? (2) Notice that only appears at the term sin sin( − ), can you find a good way to find the extremum of this function?
In the end the teacher and the students drew a conclusion that  should be between 60° and 75° (The precise solution depends on the ratio of 1 and 2 ).
Since this problem had been broken down to several small questions, the teacher could decide which one should be analyzed in detail, and which one should be introduced briefly according to the students' response.
Post-assessment
In this step, the teacher can give the students more exercises, or appropriately change the actual problem background to see whether students can change their model accordingly. For instance, the teacher may ask the following questions: Contour map How to determine course and sail orientation when the ship does not sail toward the east of the river?
Find the extremum of a function of two variables ( , ) = 3 − 3 + 3 2 + 3 2 − 9 .
Summary
In the final step, the teacher summarized the advantages and disadvantages of the model to help students have a better understanding of the whole model, and reviewed the analytic method to solve a multi-variable function. Possible advantages of this model include: Plotting the graph of the two-variable function by computer software was a good way to guess the optimal solution of and .
Possible disadvantages include: The model may be over simplified because it only considers the effect of the wind. Some parameters like 1 and 2 are hard to determined.
Based on the BOPPPS teaching method, this paper elaborates a teaching plan for the optimal Sailing strategy problem that involves a whole process of mathematical Modelling to make students have chances to learn by experience and practice. It is hoped that this case can serve as an example to teach Mathematical Modelling and all other applied mathematics courses. Teachers can break a whole lesson into six steps according the knowledge structure of the course to overcome the difficulties of the course through a student-centered, problem-oriented interactive teaching.
